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Abstract 
with population and economic growth, hu 1 man needs more water to support the development, and more 
and more dams are constructed at rivers' gorges, consequently many unpredicted disasters to the 
downstream ecosystem appears. Similar to many other places, these disasters also happens in the 
Dongting Lake after the construction and operation of Three-Gorge-Dam (TGD) in Yangtze River. Its water 
shortage problem in the lake plain becomes very severe and frequent, especially in dry seasons. This 
paper presents an innovative countermeasure to cater the dam's negative impacts on the middle reach, 
i.e., the application of SPP scheme to get rid of its water crisis (floods, droughts, deterioration of water 
quality and sedimentation caused by too much, too little, too dirty and too turbid waters, respectively). 
The so call SPP stands for "separation, prevention and protection", the feasibility of SPP application is 
discussed in terms of economically affordability and environmentally sustainability. The SPP scheme is 
compared with other schemes proposed by local governments, the results show that the payback period 
is almost same, but the SPP scheme is much better than alternatives in every aspect. 
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ABSTRACT: with population and economic growth, human needs more water to support the 1 
development, and more and more dams are constructed at rivers’ gorges, consequently many unpredicted 2 
disasters to the downstream ecosystem appears. Similar to many other places, these disasters also happens 3 
in the Dongting Lake after the construction and operation of Three-Gorge-Dam (TGD) in Yangtze River. 4 
Its water shortage problem in the lake plain becomes very severe and frequent, especially in dry seasons. 5 
This paper presents an innovative countermeasure to cater the dam’s negative impacts on the middle reach, 6 
i.e., the application of SPP scheme to get rid of its water crisis (floods, droughts, deterioration of water 7 
quality and sedimentation caused by too much, too little, too dirty and too turbid waters, respectively). 8 
The so call SPP stands for “separation, prevention and protection”, the feasibility of SPP application is 9 
discussed in terms of economically affordability and environmentally sustainability. The SPP scheme is 10 
compared with other schemes proposed by local governments, the results show that the payback period is 11 
almost same, but the SPP scheme is much better than alternatives in every aspect.  12 
 13 
KEY WORDS: SPP scheme, Dongting Lake, Three—Gorge Dam, water crisis, flood disasters. 14 
 15 
1 INTRODUCTION 16 
The demand for freshwater due to the rapidly expanding world population and economic growth has 17 
increased the need to build large scale dams to store large amounts of water. Dams and reservoirs have 18 
served the society and will continue to do so for the purposes of meeting the social and economic needs 19 
throughout the world and at the same time are compatible with the natural environment of each region. As 20 
freshwater has emerged as one of the most critical natural resources issues facing, the water resources 21 
development on large scale becomes one of the most effective ways to sustain today and future’s society. 22 
It is predictable that people will construct more and more large dams in mountainous areas to supply the 23 
modern society. It is also certain that the downstream ecosystem has been suffered, and some disastrous 24 
outcomes may appear in the downstream of reservoirs, especially for those ecologically vulnerable plain 25 
lakes.  26 
One of examples that the upstream artificial reservoirs cause the disasters of downstream natural 27 
lakes is the construction of Aswan dam, the high dam built in 1964 has caused a dramatic reduction in 28 
discharge and sediment into the lower delta plain, which has inevitably trigged an enormous charge in the 29 
ecosystem (Siegel et al. 1994, Siegel 1995, Frihy and Lawrence 2004), especially to the lagoons of the 30 
Nile delta. Gu et al. (2011) found that the reduction leads to acceleration of lagoon shrinkage which may 31 
have adverse ecological consequence. 32 
Similar to Nile, dams in Yangtze river also post a great threat to its downstream ecosystem, 33 
especially the lakes. Yangtze River is the longest river in Asia, and the third longest in the world. Its flow 34 
path is as long as 6,418 km from the glaciers on the Qinghai-Tibet Plateau eastward towards central and 35 
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eastern China before draining into the Eastern Sea at Shanghai at the annual runoff to nearly 1,000 billion 36 
m3. The river drains one-fifth of the land area of China, home to 0.4 billion people. With only 20% of the 37 
nation’s total land area, this area produces more than one-third of China GDP, the gross industrial and 38 
agricultural output occupies about 40% of the whole nation. The prosperous Yangtze River Delta 39 
generates as much as 20% of the China's GDP in less than 3% of China land. The important dam, lakes 40 
and cities in the river basin are shown in Fig. 1.  41 
Three Gorges Dam (TGD) is world’s most powerful dam which was initially proposed Sun Yat-sen 42 
in 1919. The construction of the dam started on December 14, 1994, and was in operation in 2006. The 43 
dam controls a drainage area of 1 million km2，the flood storage capacity is 22.15 billion m3, and installed 44 
capacity 18,200 MW, yearly output 84.7 billion kWh. Besides, in the upper reach, other twelve dams will 45 
join Three Gorges Dam to address the country’s energy needs. This would pose tremendous threats to 46 
river’s unique ecosystems, some negative impacts have been observed after the operation of TGD. 47 
The Yangtze River is still an unhealthy river, and the water crisis includes floods (too much), 48 
droughts (too little), sedimentation (too turbid), water quality deterioration (too dirty), wetland shrinkage 49 
and ecosystem crisis. Before the construction of the Three-Gorges Dam, it was predicted that although the 50 
dam is very effective to control the floods, the excessive water in the area of Dongting Lake would still be 51 
16-30 billion m3 if 1954 floods appeared again. It was also predicted that the droughts would be 52 
miktigated as the dam would release the stored water in dry seasons, but in reality after the TGD started 53 
its operation the water level in the river started to be lower and lower in dry seasons and droughts become 54 
worse. It was predicted that the large ships of up to 10,000 tons displacement can sail to the upstream like 55 
Chongqing, but now the large vessel is very hard to reach Dongting Lake due to insufficient water in the 56 
navigation channel in dry seasons. Table 1 lists the noticed crisis for the river and especially the lakes of 57 
Poyang and Dongting. Among them, the very critical problem is the water shortage. If no good measures 58 
are taken, it is predictable that the river will be cut off its flows in the main stream in the near future, the 59 
calculated results shown in Table 2.   60 
 61 
 62 
Fig. 1, the Yangtze River and its important lakes and cities in the basin 63 
In the natural conditions, the long-time averaged flow rate at TGD site during October is only 64 
19000m3/s. After September the Three-Gorges Dam starts to raise the water level and reduces 8000m3/s in 65 
the main stream. In order to eliminate the water shortage crisis in northern China like Beijing, Tianjin etc., 66 
China is currently constructing the world’s largest water diversion project from the Yangtze river to the 67 
north, the project will be completed in the next few years, it is estimated that the project needs at least 68 
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2000m3/s of water from the river (Nakayama and Shankman, 2013). On the other hand, many large dams 69 
are under development, and these reservoirs also need to store water from September, and the reduction of 70 
flowrate will be at least 6000m3/s. At this moment, both Dongting Lake and Poyang Lake are 71 
investigating the feasibility of dam scheme at their outlets, at least 2000m3/s of each lake should be 72 
reduced if the proposal is adopted by the central government. Therefore the river flowrate at the estuary 73 
could be less than 1000m3/s. It will have very negative impacts on the downstream people’s life and 74 
ecosystem. 75 
Table 2. Water crisis in Yangtze River 76 
 Yangtze main 
stream 
Dongting Lake Poyang Lake 
Water 
detention for 1954 
floods 
high likely to 
cause flood disasters 
Needs 16-30 billion 
m3  for detention 
Needs 11.7-12.7 
billion m3 for  retention 
Droughts after 
TGD in 2011 
TGD reduces 
8000m3/s in dry 
seasons 
No enough water, the 
lowest water level = 6.1m 
above sea level 
No enough water, 
the lowest water level = 
5.9 m above sea level 
Water 
pollution 
Poor  Deterioration  Reasonably ok 
Sedimentation 
without TGD  
17millon 
tons/year  
131 million tons/year 10 million tons/year  
Ecosystems  No. of Chinese 
river dolphin is being 
reduced 
rat disasters 
outbreaks in 2003, 2005, 
2007. 
Birds reduction 
Navigation  No enough water for navigation in dray seasons 
 77 
Table 3. Water in Yangtze River after the construction of hydraulic projects in Oct. 78 
Water available at TGD site before its operation 19000 m3/s 
TGD retention to increase its water level for hydro-power 8000 m3/s 
South-North Water Diversion project to be completed in 2014 2000 m3/s 
29 other upstream large dams (under construction/plan)   6000 m3/s 
Dongting Lake dam (under plan) 2000 m3/s 
Poyang Lake gate (under plan) 2000 m3/s 
Flows to the estuary  1000 m3/s 
 79 
  80 
 81 
 82 
 83 
 84 
 85 
 86 
 87 
 88 
 89 
Fig. 2, Coastal reservoir at Yangtze estuary-Qingcaosha and the reservoir and its intake proposed by 90 
Yang (2006) is highlighted in red. 91 
Chongmin
 
4 
The runoff reduction in the mainstream may have disastrous effect to Shanghai, the largest industrial 92 
city in China. In 2005, the author proposed a coastal reservoir (a freshwater reservoir inside seawater) to 93 
Shanghai government as shown in Fig. 2 when the city was faced with the water deficit due to pollution 94 
(Yang 2006). In 2010, Shanghai completed the construction of coastal reservoir-Qingcaosha which is 95 
located at a place different from the author’s suggestion where the intake is located at the upstream of 96 
Chongmin Island and represented by a dot in Fig. 2, the reservoir is located at the north Chongmin that is 97 
denoted by the red area, the water is transferred from the intake to the reservoir by a natural channel that 98 
can purify the river water further by vegetation.   99 
Unfortunately, the author’s proposal was not adapted by the local government. Instead, they 100 
constructed the coastal reservoir in the south Chongmin, called as Qingcaosha reservoir, the gates are 101 
opened to take the river water during low tidal when the freshwater surrounds the reservoir, and its gates 102 
are closed during high tide when the seawater surrounds the reservoir. The author once clearly told the 103 
decision maker the shortcomings of the Qingcaosha reservoir as follows: 104 
It is located in the main flood passage, if 1870, 1954 floods happened again, this reservoir could be 105 
washed away in to the sea, or it has the risk caused by too much water; 106 
In dry seasons, the reservoir may have no freshwater to take as the seawater could surround the 107 
reservoir by months even during low tides. The duration of intake failure could become longer and longer 108 
after the construction of South-North water diversion project, TGD and 29 other dams, or it has the high 109 
risk caused by too little water.  110 
Algal blooms may appear in the reservoir, this is because that the non-point wastewater produced by 111 
Shanghai is likely taken by the reservoir as the tidal flow could push the wastewater into upstream, and 112 
eventually the near-shore wastewater is taken by the reservoir after several oscillations by the tidal flows, 113 
or it may have the problem caused by too dirty water. 114 
If we compare the Qingcaosha and the author’s proposal, one can easily conclude that all risks 115 
mentioned above could be avoided if the author’s suggestions are adopted. For example, the biggest 116 
floods would not wash the reservoir marked in red in Fig. 2 into the sea; the intake locates at the upmost 117 
of Shanghai territorial, thus it has the lowest possibility for failure intake of freshwater; the wastewater 118 
produced by Shanghai is unable to enter the proposed reservoir, and also the water from the intake can be 119 
further purified by the wetland on Chongmin Island as shown by the blue arrow line in Fig. 2. 120 
Williams and Wolman (1984) surveyed 21 rivers in North America and found that it is common that 121 
the dams significantly alter the interrelationship between the river and downstream lakes, and create many 122 
environmental problems, especially to the lakes. The same problem appears in lakes of Yangtze River 123 
after TGD’s operation, Guo et al. (2012) analyzed the discharge from the lakes and found that more water 124 
is forced to flow out of the lakes in dry periods (Sept-March) as the dam’s operation results in the 125 
decrease of water level in the river. 126 
It can be seen that many hydraulic projects are undergoing in the Yangtze River basin, the Yangtze 127 
River may be a dead river without water in dry seasons if these construction projects and their 128 
management are not well planned, the Yangtze River’s water crisis includes floods (too much), droughts 129 
(too little), sedimentation (too turbid), water quality deterioration (too dirty), wetland shrinkage and 130 
ecosystem crisis (Dai and Liu, 2013). From the literature, no other paper already alerts this immediate 131 
crisis as shown in Table 3-Yangtze River will be a seasonal river. Thus correct actions are needed to take 132 
from now to save the Yangtze River.  133 
 134 
DONGTING LAKE’S WATER CRISIS AND THE COUNTERMEASURES  135 
Dongting Lake is an efficient flood regulator of Yangtze River and was the largest lake among 136 
thousands of lakes in the basin, but unfortunately it becomes the secondary largest due to high rate of 137 
sedimentation and reclamation over the past 50 years. Its area was about 263,000km2, or 12% of the area 138 
of the Yantze River catchment. Dongting Lake’s capacity in 1949 was 29.3 billion m3, but 44 years later it 139 
decreased to 17.4 billion m3 in 1983, and adding to the reclamation it's area shrank from 4350 km2 in 140 
1949 to 2691 km2 in 1983. Four rivers of Xiangjiang, Zishui, Yuanjiang and Lishui drain from south and 141 
west, besides three channels connect the lake to the Yangtze River, which dumps a major proportion of 142 
the sediment suspended from Yangtze River to the lake when the lake accommodates floodwater. It has 143 
only one outlet on the east side to discharge the water to Yangtze River. 144 
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After the operation of TGD, drought disasters arise more and more frequently particularly in dry 145 
season, this becomes very serious. Subsequently someone conceives a measure by constructing a sluice 146 
gate at the outlet of the lake to storage the water during dry seasons. Ostensibly it seems to regulate water 147 
temporally and ameliorate the water shortage in dry seasons, nevertheless it will exacerbate another 148 
problems including flood and sedimentation. If a sluice gate is installed to retain water, unfortunately the 149 
sedimentation and contaminant will start to worsen the problems. Gradually the sedimentation will 150 
occupy the available capacity. In order to mitigate the sedimentation, there appeared a lot of strategies 151 
among which there were three ones being implemented in Dongting Lake. The most traditional way is to 152 
heighten and strengthen the levees to increase flood storage capacity, in long term, this is only an 153 
expedient measure by hiding the danger. Recognizing this shortcoming, some experts claim that the core 154 
issue is to dredge lake’s outlet channel. Due to the sedimentation, the wet land area is shrinking gradually 155 
resulting in the ability lessening of the lakes both in water storage and flood regulation.  156 
SPP Strategy: Recently Yang and Liu (2011) proposed to SPP strategy to harness rivers and lakes, its 157 
core is that clean water and unwanted water (dirty, turbid and safe floods) should be separated spatially 158 
and temporally; clean water should be stored and protected against pollution and wastewater should be 159 
discharged as fast as possible. In other words, the detention time of wastewater in a river system should 160 
be as short as possible, whilst the retention time of clean water should be as long as possible. The goals to 161 
eliminate the water crisis (too much, too little, too dirty and too turbid) can be achieved by constructing a 162 
by-pass channel (BPC) in a lake in the basin, which would divert low-quality water or unwanted water 163 
from the lake during low precipitation periods and allow better quality water or wanted water to flow into 164 
the lake during high flow periods, and the clean water will be stored.  165 
Generally lakes collect water from upstream rivers/creeks and drain to the downstream as shown in 166 
Fig. 3. In Dongting Lake, there are three channels link the Yangtze River with the lake, and exists four 167 
rivers from Hunan Province, and the outlet rejoins to the Yangtze River at Chenglingji. The structures 168 
needed by SPP strategy is to construct an internal levee with sluice gates around the lake shoreline as a 169 
by-pass canal (BPC), which can be assimilated to an artificial river with regulatory function. We will 170 
discuss how the water crisis could be eliminated by the SPP scheme. 171 
 172 
Fig. 3. SPP Scheme and its By-Pass Canal (BPC) in Dongting Lake 173 
 174 
Sedimentation and pollution. The analysis above demonstrates that the unwanted water comes from 175 
the upstream, the sediment and contaminant accumulated in lakes are the biggest killer for the storage 176 
capacity and clean water. Here, the incoming water is divided into wanted and unwanted water according 177 
to its applicability for human activities. Hence the lakes can separate the two kind of water with the aid of 178 
sluice gates.  179 
If the river water is heavily polluted or sediment discharge is very high, the sluice gates will be 180 
Yangtz
Channels 
Rivers 
By-pass canal (BPC) 
outlet 
Inner dike 
Sluice gate 
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closed so that all polluted water by-passes the lake and is discharged to the downstream via the lake 181 
outlets. In flood seasons the water quality from upstream is relatively better as a result of the nutrient 182 
concentration is very low except the first peak, so the sluice gates will be opened and store the clean water. 183 
In a dry season, the sluice gates will be closed to prevent the unwanted entering the lakes. Compared with 184 
the natural lakes without BPC, the inner levee can resist the silt and pollutant so that the internal clean 185 
water can be protected. In another words, the BPC can manage the water in time and space according to 186 
water quality and human's need. This strategy can be succeed mostly owe to the BPC where the 187 
cross-section area is much smaller relative to the lake, thus for a certain discharge at the outlet, the 188 
velocity in the PBC will be rather fast. Since the running water never becomes putrid, the relatively 189 
higher velocity ensures that it can keep its own good quality and protect the inner lake from being 190 
depositing and polluting.  191 
Flood control. For a natural lake, the first flush of the inflowing rivers during flood seasons always 192 
occupy the lake's available capacity, consequently the lake has no enough capacity to regulate the 193 
following flood peak, thereby the flood water brings about destructive disasters. However the SPP 194 
strategy can control the water's in and out intentionally, it discharges the first flushes in flood season by 195 
the BPC and increases the effective flood-control storage, i.e., the safe flow will not be allowed to enter 196 
the lake to occupy its capacity, the sluice gates are always closed not only to refuse the coming of 197 
wastewater but also to guarantee the sufficient capacity until the arrival of flood peaks that excess the 198 
designed water level. Consequently this SPP scheme can mitigate the flood disasters. Moreover, in a long 199 
run, this method will reduce the lakes' dead storage relatively compared with natural situation as the BPC 200 
can discharge the majority of the silt to the downstream so that it enhance the lakes' ability of regulating 201 
flood and prolong their life. 202 
  203 
 204 
 205 
 206 
 207 
  208 
 209 
 210 
 211 
 212 
 213 
 214 
 215 
 216 
Fig. 4. Application of SPP to the eastern, southern and western lakes where the red lines are the 217 
levees, yellow lines are the streams and the triangles are the sluice gates.    218 
 219 
    Water supply. Just like a common reservoir, when all the sluice gates are closed in dry season, 220 
water in the lake will not run off by gravity and can stay high level even in dry season. This strategy with 221 
BPC has the advantage as it stores clean water in flood seasons at first and prevents it from mixing with 222 
wastewater in dry season, therefore it can provide available clean water for human especially when the 223 
precipitation is quite little. 224 
Wetland protection. In fact, human's reclamation is one of the serious reasons causing the lakes' 225 
decline and deterioration almost happening around the lakes. Residents make use of the shoal around the 226 
lakes constantly only for their immediate interest yet result in area shrinking and water pollution, though 227 
the government exhorts them all the time. Once the inner levee is constructed, reclamation will become 228 
quite difficult for the residents as the common excavation cannot work facing the firm embankment. In 229 
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this degree, the SPP strategy can protect wetland from diminishing. 230 
From the analysis above, the idea of SPP separates the wanted water and unwanted water by the 231 
BPC based on the quality of incoming water spatially and temporally and retains the clean water for a 232 
long time. Consequently it can improve the five problems (too much, too little, too turbid, too dirty and 233 
wet land decrease) at the same time and doesn't bring about another new problem like other proposals. 234 
This could be achieved when the whole Dongting lake is treated as a lake system as shown in Fig. 3. 235 
Alternatively, this can be achieved by treating it as the eastern, southern and eastern lakes system as 236 
shown in Fig. 4, both need to investigate their feasibility. 237 
 238 
POYANG LAKE’S WATER CRISIS AND ITS COUNTERMEASURES 239 
Lake’s water crisis: China has numerous lakes, among which the number of natural lakes with area 240 
above 1km2 is more than 2800, the total water storage of all lakes amounts to 707 billion m3, with the 241 
freshwater 225 billion m3, accounting for 8% of the fresh water resources. The lakes are not only valuable 242 
natural resources but also have many kinds of functions like flood disaster mitigation, navigation, 243 
irrigation, tourism attraction and fishery etc.  244 
However, with the frequent human activities and climate changes, the number of the lakes has kept 245 
diminishing, with a total of 243 lakes covering more than one km2 have disappeared in China over the 246 
past 50 years. Although China has about 24,000 natural lakes, they are disappearing at a rate of about 20 247 
lakes every year. Most lakes in China have also begun to suffer from various environmental stresses, 248 
including deterioration of its water quality with increasing nutrient and other chemical inputs. Lakes in 249 
the Yangtze basin have suffered from dropping water levels when so many dams and water diversion 250 
projects are undergoing, they also have been affected by problems such as water eutrophication due to 251 
rapid growth in economic and population, urbanization.  252 
Poyang is a shallow and long lake where its average width is about 16.9km and its length from north 253 
to south is 173km, and it has a catchment area of 2923.7 km2. Poyang Lake is now facing with two water 254 
quantity issues, i.e., too much water during high precipitation months, which causes flooding, and too 255 
little inflow during dry periods, which results in seasonal water shortages as lake level declines. During 256 
the rainy season, floods often occur and cause heavy damage with overtopped water levels. While water 257 
level declines during the long, dry seasons leading to limitations in water supply. In May 2011 drought in 258 
Poyang Lake, the area of the water surface shrinked from 4000km2 to 50km2, and the water level was as 259 
low as less than 8m above the sea level. From April to September, the water resource in the lake is so rich 260 
that its highest water level could be 22.59m over the years and the water surface area in the lake could 261 
reach to 4647km2. While during the rest time, the area of the water shrinks a lot and the lake almost can 262 
be seen as a river. With this large difference between supply and demand, a major proportion of the water 263 
used by industry, agriculture, and urban areas is discharged into the water system; there generally is a 264 
concomitant deterioration in water quality. Thus, there is a need to develop a hydrological solution to 265 
control flooding to lakes while maintaining a sufficient quantity of high quality water year round.  266 
SPP application in Poyang Lake: Clean water and wastewater should be separated spatially and 267 
temporally, the detention time of wastewater in the lake should be as short as possible, whilst the retention 268 
time of clean water should be as long as possible. To achieve the above goal, a by-pass channel (BPC) can 269 
be constructed, which would divert unwanted water from the lake during low precipitation periods and 270 
allow wanted water (high quality) to flow into the lake during high flow periods. The BPC can bypass the 271 
unwanted waters with pollutant, high turbidity, only clean floodwater will be lead to the water body, thus 272 
there is no pollutant is introduced into the lakes and the water body is perfectly protected. The lake and 273 
SPP required levees and gates are shown in Fig. 5.  274 
In Fig. 5, the inner dike to be constructed is represented by red lines, and the sluice gates are denoted 275 
as red double-arrows. The BPC can isolate clean water from wastewater, the incoming flow can be 276 
separated into wanted/unwanted water based on its water quality and quantity. The most effective way to 277 
treat polluted water in a lake is to maintain water movement since moving water has the capacity of 278 
self-degradation, self-decomposition and self-purification, and high turbulence shears disperse planktonic 279 
flocs and limits sessile microbial growth. Now, more attention should be paid to the water shortage in 280 
drier months, because the water level is so low that the ecosystem suffers the disaster.  281 
 282 
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 283 
Fig. 5, River system of Poyang lake and the inner levee/sluice gates required by SPP, symbols are 284 
the same as that in Fig. 4 285 
 286 
Now if we constructed the BPC in Poyang Lake, as it explained before the sluice gates will be 287 
opened during peak floods from April to June to store the large and clean water, and then they will be 288 
closed to prevent the water discharge to the downstream when water level in Yangtze River is very low. 289 
The apparent advantage of this measure is that the BPC breaks the non-uniformity of water storage, i.e., it 290 
stores large quantity of water when rainfall is quite well until to the period when the evaporation quantity 291 
is fairly large. In this case, there will be enough water storage to cope with the evaporation, and then 292 
mitigate the drought threat. Some experts intend to construct a sluice gate in the outlet of the lake, thus it 293 
is useful to investigate the difference between SPP scheme and the scheme of dam at outlets. 294 
 295 
ANALYSIS OF SPP EFFECTS TO YANGTZE RIVER SYSTEM 296 
As mentioned, in natural conditions, Dongting Lake and Poyang Lake receive a lot of water and 297 
sediment. For the Dongting Lake alone, it receives about 300 km3/year of water from the Three Channels 298 
and Four Rivers, about 1/3 of runoff in the Yangtze River. Among them 41.4% of the annual lake 299 
discharge comes from the Yangtze River via the Three Channels, and the rest mainly from the Four Rivers. 300 
Data shows that the Yangtze is responsible for 70-75% of China’s floods, most of them occur in areas 301 
near the Dongting Lake. In 1998, the flood resulted in a total loss of 4150 people, and 180 million people 302 
were affected, a staggering 100,000 km2 were evacuated and 13.3 million houses were damaged or 303 
destroyed. 304 
Dongting Lake annually receives 1730 million tons of sediment, 83% of which are carried into the 305 
lake from the Yangtze River, and 17% from the Four Rivers. Over the past 150 years, the lake area has 306 
reduced from about 6000km2 to about 2600km2 due to both natural siltation and human activity, 307 
consequently flood modulation of the lake capacity has been reduced significantly from about 30km3 in 308 
1949 to 17km3 in 1995. There is no doubt that if no measures are taken to stop the sedimentation 309 
Dongting Lake would disappear in the near future. 310 
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The water crisis of floods, water pollution, sedimentation has existed for long time, but the operation 311 
of Three-Gorge Dam and other new dams together with the South-North water diversion project worsen 312 
the disasters caused by droughts that are very severe and frequent. To solve the water shortage problem, 313 
dams at the lakes’ outlet have been proposed, and their feasibility study is being undertaken. It is useful to 314 
compare the different schemes between the dam proposal and SPP, and the results are shown in Table 3. 315 
In Fig. 4, the dam scheme at Poyang outlet will start to store water in Sep. and the Dongting Lake 316 
will do so in Oct. every year, this is the same period as the Three-Gorge Dam that significantly reduces 317 
the Yangtze River flow from Sept., thus the dam scheme worsens the droughts in the basin in Sept-Dec. 318 
According to the plan, the dam water level at Poyang Lake will be 15.5m above the sea level, and the 319 
capacity will be 10-20 billion m3; the dam level at Dongting Lake will be 25m and storage capacity will 320 
be 3 billion m3.  321 
However, the SPP will store the floodwater in June-August that before the Three-Gorge Dam’s 322 
reduction in flow. If design properly, each lake should have storage capacity up to 30 billion m3. 323 
Obviously, SPP has the capacity to increase water to the downstream in Sept.-Dec. in order to quench the 324 
thirsts, to enhance the water level for navigation and to ensure the intake of Qingcaosha coastal reservoir 325 
for Shanghai’s water supply. The dam scheme has nothing to do if 1954 and 1998 floods appeared again, 326 
but SPP will completely eliminate the flood disasters. Therefore, it can be seen that SPP scheme is a better 327 
solution for flood and drought disasters relative to the dam scheme. 328 
 329 
Table 4. Comparison of dam scheme with SPP in terms of sustainability and affordability 330 
 Dam at outlet SPP scheme 
 Poyang Dongting Poyang Dongting 
Droughts in 
Sept.-Dec.  
Water level 15.5m, 
10-20b m3 
capacity to store 
water in Sept.    
Water level 25m, 
3b m3 capacity in 
store water in Oct.  
30b m3 capacity, 
to store peak 
floodwater.     
30b m3 capacity 
to store peak 
flood water 
Floods in 
June-Aug. 
No regulation  No regulation  Eliminate 1954 
floods 
Eliminate 1954 
floods 
Sedimentation  >50% of sediment 
by 146 billion m3 
water/year 
>70-80% of 
sediment by 300 
billion m3 
water/year 
100% of 
sediment by 30b 
m3 water/year 
100% of sediment 
by 30b m3 
water/year 
Wetland  Higher shrinkage rate due to higher 
sedimentation rate relative to natural 
conditions  
sedimentation 
reduction is about 
80%  
sedimentation 
reduction is 87%  
Construction 
cost (billion 
yuan) 
8 12 120 120 
Payback period 
(years) 
1.07 8 8 8 
 331 
The other problem in the Yangtze River is caused by sedimentation. In natural condition, about 50% 332 
of sediment laden by 146 billion m3 runoff deposits in the Poyang Lake, and 70-80% of it by 300billion 333 
m3 of water in Dongting Lake. If the dam scheme was adopted in these lakes, it is natural that the 334 
sedimentation rate must be higher than that in natural conditions.  335 
However, the SPP scheme can significantly reduce the sedimentation rate. If the sediment 336 
concentration is C, the sedimentation rate for Poyang Lake can be calculated as: 337 
 
10 
%20
146
30

C
C
  338 
It means that about 80% of sediment will be discharged to the downstream via BPC, and only 20% 339 
of incoming sediment deposits in the lake. Similarly the sedimentation rate of Dongting Lake after the 340 
application of SPP will be 341 
%10
300
30

C
C
   
342 
It means that about 90% of sediment will be discharged to the downstream via the BPC, and only 343 
10% of incoming sediment deposits in the Dongting Lake. Obviously, the dam scheme worsens the 344 
shrinkage rate of wetland area, but SPP is useful to protect the wetland. 345 
It would be interesting to compare the construction cost and its payback period. It was estimated that 346 
the costs for dams at Poyang Lake and Dongting Lake are 8 billion and 12 billion Yuan, respectively. The 347 
SPP scheme has relatively higher construction cost and it is estimated that, for each lake, 120 billion Yuan 348 
could be enough to construct the levees and sluice gates. If we assume that 1 m3 water can produce 0.5 349 
Yuan benefit, then the payback period of dam scheme for Poyang Lake (15 billion m3 water/year) will be 350 
8/15/05 = 1.07 years. It can be seen that there is no difference in terms of payback period between the 351 
SPP scheme and the dam scheme in Dongting Lake. 352 
 353 
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 357 
CONCLUSIONS 358 
  With the rapid growth of population together with agricultural and industrial development, 359 
people's demand for water quantity and quality would be increasing gradually. As a flood regulator and 360 
water provider, lake plays an important role to protect the downstream region and ensure enough water 361 
supply for people's activities. However, there exist five problems including sedimentation (too turbid), 362 
flood disaster (too much), drought (too little), pollution (too dirty) and wetland decrease. If there is no 363 
effective strategy to manage our water resources, the modern civilization may collapse that had happened 364 
in the history. This paper proposes the SPP water management strategy and discusses its application in 365 
lakes along Yangzi River. We can conclude that:  366 
1) The analysis shows that the water must be managed for its quality and quantity simultaneously. In 367 
other words, the appropriate water management must include particle management or impurity 368 
management; 369 
2) Currently the water has been separated into many groups, like wastewater, river water rainwater, 370 
floodwater etc. It is suggested that the water can be further separated as wanted and unwanted water 371 
based on the purpose of water management. Generally, the unwanted water includes heavily polluted or 372 
highly turbid water, safe floodwater and the wanted water could be excessive floodwater or clean river 373 
water; 374 
3) The SPP strategy refers to water separation, clean water protection and prevention from external 375 
pollution. Currently in the world, all reservoirs and lakes’ water are exposed to external wastewater with 376 
no countermeasures taken to protect the stored water, and the incoming river water has never been 377 
separated. Consequently, all clean lake/reservoir water has been polluted and the storage capacity is 378 
quickly lost by sedimentation. After the application in Dongting lake and Poyang Lake, SPP strategy is 379 
effective in solving the five problems at the same time.  380 
4) We only outlined the application of the SPP to the mentioned lakes, but in principle, the strategy 381 
is valid to all other large water bodies. Next, more detailed research like physical and/or numerical 382 
models are needed before it can be used in practice. Eventually, it is subject to the decision 383 
maker/politician’s decision. 384 
 385 
 386 
 387 
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